Using a logistic regression models, the sevelamer group had a higher odds of serum CRP ! 10 mg/l [odds ratio (OR): 1.06, 95% CI: 1.02-1.11] and LDL cholesterol ! 70 mg/dl (OR: 1.33, 95% CI: 1.19-1.47) when compared to the calcium binder group independent of age, vintage, body mass index, statin use or other variables. Conclusion: The improvements in multiple surrogate markers of inflammation and lipids in the NIED study make sevelamer a promising therapy for treatment in MHD patients with high risk of cardiovascular disease and mortality.
Introduction
Cardiovascular (CV) disease accounts for almost half of all deaths in individuals with chronic kidney disease (CKD) stage 5, also known as end-stage renal disease (ESRD), despite advances in both dialysis treatment and cardiology [1] . CV mortality among ESRD patients is 10-to 30-fold greater than among the general population regardless of gender, age, race, and presence of diabetes [1] . In the general population, the increased risk of atherosclerotic CV disease, which is associated with elevated LDL cholesterol and triglycerides and decreased HDL cholesterol, is usually managed by low-fat diet, HMGCoA reductase inhibitors (statins) and niacin therapy,
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Homocysteine and uremia have also been associated with poor outcomes in this population [13, 14] . Hypercalcemia and hyperphosphatemia are associated with increased risk of coronary artery calcification in ESRD [15, 16] . As a result, serum phosphorus 1 5.5 mg/dl, albuminadjusted calcium level 1 9.5 mg/dl, and increased calcium-phosphorus product 1 55 mg 2 /dl 2 are to be avoided in MHD patients, as recommended by the National Kidney Foundation Kidney Disease Outcome Quality Initiative guidelines [15] . Hence, improving hyperphosphatemia in MHD patients with non-calcium-based phosphorus binders may be advantageous. Sevelamer, a nonabsorbable non-calcium-based hydrogel, has been shown in recent randomized trials of ESRD patients to decrease CRP, total and LDL cholesterol, and slow the progression of coronary artery calcification when compared to calcium acetate [18] [19] [20] [21] . In this study we examined the effects of sevelamer versus calcium-based phosphorus binders on lipid profile, inflammatory markers such as CRP, tumor necrosis factor-␣ (TNF-␣ ), IL-6, and mineral metabolism (Ca, Ca ! P), among other markers in a real-world population of MHD patients who participated in the ongoing Nutritional and Inflammatory Evaluation of Dialysis Patients (NIED) study from 10/2001 to 7/2005.
Methods

Patients
All 787 patients who were enrolled in the NIED study from 10/2001 to 7/2005 were screened in this study. The NIED study (www.NIEDstudy.org) is an ongoing prospective cohort study to determine whether nutritional and inflammatory states in dialysis populations affect mortality, morbidity, and other clinical outcomes. Inclusion criteria for the NIED study include patients who were 18 years or older and who signed a written consent. Patients with malignancy or other terminal diseases with less than a 6-month life expectancy were excluded. The subjects were all receiving MHD via high-flux dialyzers, and their dialysis membranes were routinely reused. New subjects were recruited on a quarterly basis and followed for up to 5 years or 10 semiannual rounds with each round consisting of a semiannual assessment of malnutrition and inflammatory variables including biochemical markers, anthropometric measurements, hospitalization rates, and mortality. Medical chart review, including comorbidities and outpatient medication usage were performed on all new recruits and then on a yearly basis thereafter. Round 1 (initial recruitment round) data for the enrolled 787 subjects was used to assess the subject's use of phosphate binders, statins, and concurrent biochemical markers.
All subjects upon initial round 1 recruitment for the NIED study underwent medical chart review by an MD to evaluate for current outpatient medication usage. This available data was used to determine if a subject was on a calcium-or non-calcium-based binder. Calcium-based binders included: calcium carbonate, calcium acetate and other forms of calcium such as Os-Cal (GlaxoSmithKline), non-calcium-based binders included only sevelamer-hydrochloride. Some subjects were on none or both types of binders. Statin usage was also documented for all subjects.
Dialysis and Laboratory Data
The single-pool Kt/V was used to represent the weekly dialysis dose of each subject. Vintage time was calculated based on the time between first dialysis date and beginning of round 1 upon quarterly enrollment. Serum levels of calcium, phosphorus, parathyroid hormone (PTH), and albumin were obtained through routine laboratory measurements performed by DaVita Laboratories (DeLand, Fla., USA) using automated methods. Average values for each laboratory test within the 13-week period, coinciding with the study round and calendar quarter, were calculated and used for the data analysis in the study. For this study, data originating from the first round was used for calculations.
Study Laboratory Tests
Serum CRP and two proinflammatory cytokines (IL-6, TNF-␣ ), serum cholesterol, LDL and HDL cholesterol, as well as homocysteine levels were measured from fasting samples in all patients. The high-sensitivity CRP was measured by a turbidimetric immunoassay where a serum sample is mixed with latex beads coated with anti-human CRP antibodies forming an insoluble aggregate (WPCI, Osaka, Japan; normal range ! 3.0 mg/l) [22] . Highsensitivity IL-6 and TNF-␣ immunoassay kits based on a solid-phase sandwich enzyme-linked immunosorbent assay using recombinant human IL-6 and TNF-␣ are used to measure the serum proinflammatory cytokines (R&D Systems, Minneapolis, Minn., USA; normal range IL-6, ! 9.9 pg/ml; TNF-␣ , ! 4.7 pg/ml) [23] .
Statistics
Conventional analysis of variance, Kruskal-Wallis test, and 2 were used, as appropriate, to detect significant differences among groups using sevelamer and calcium-based binders. Multivariate regression analyses and analysis of covariance were performed to obtain adjusted p controlled for case-mix and comorbidity covariates. Case-mix covariates included sex (female), age, race (black versus other), and dialysis vintage (number of months on MHD treatment). Comorbidity covariates included diabetes mellitus (yes/no), history of CV disease (yes/no), statin use (yes/no). Laboratory covariates in fully adjusted multivariate models in-cluded blood hemoglobin, homocysteine, CRP, IL-6, TNF-␣ , and albumin concentrations, as well as all lipid variables and mineral metabolism measures including PTH, calcium, and phosphorus levels. Risk ratios include 95% confidence intervals (CI); p less than 0.05 or a 95% CI that did not span 1.0 is considered statistically significant; p between 0.05 and 0.20 also is listed with two decimals for the sake of potential type II errors. Descriptive and multivariate statistics were carried out using the statistical software Stata, version 9.0 (Stata Corp., College Station, Tex., USA).
Results
Of the 787 MHD patients in the study, 697 were on either sevelamer or a calcium-based binder, or both. The mean ( 8 SD) age of the 697 patients was 53 8 14 years. There were 369 male and 328 female patients; 223 patients were African-American and 353 were Hispanic. The majority of patients were on dialysis for 6-24 months (52.6% of patients); 334 patients were diabetic. The average body mass index (BMI) was 26.2 8 5.5. We then compared the groups based on taking sevelamer monotherapy (n = 283) or calcium binder monotherapy (n = 266). There were no differences between the groups on vintage dialysis. There were significant differences in age, mean serum calcium and phosphorus levels, as well as PTH levels. Furthermore, there was a significant difference in CRP, total cholesterol, and LDL ( table 1 ) .
After multivariate analysis, the sevelamer group still demonstrated a lower CRP (OR: 1.06, 95% CI: 1.02-1.11) when compared to the calcium binder group when adjusted for age, gender, vintage, diabetes mellitus, BMI, statin use, and other noted cofounders ( table 2 ) . Similarly, the sevelamer group also had a lower serum LDL ! 70 mg/dl (OR: 1.33, 95% CI: 1.19-1.47) when comparing to the calcium binder group with similar adjustments for confounders ( table 3 ). These differences remained significant after multivariate analysis for all relevant covariates. Other serum markers measured, such as IL-6, TNF-␣ , and homocysteine, were not found to be different between groups. 
Discussion
Unique to their population, MHD patients exhibit nontraditional risk factors contributing to their high incidence of CV disease, including malnutrition as reflected by hypoalbuminemia and low protein intake [24] , anemia and iron deficiency [25] , and bone and mineral disorders such as hyperphosphatemia, hypercalcemia, hyperparathyroidism and vitamin D deficiency [26] . The vast majority of ESRD patients are on some form of a phosphorus binder to lower intestinal phosphorus absorption and its serum levels. While effective at lowering phosphorus and the calcium-phosphorus product, other pleiotropic effects of these binders have been described including effects on lipid profiles, inflammatory states, and uric acid. Recent studies have suggested sevelamer may specifically lower the inflammatory burden, and favorably adjust lipid profiles in the ESRD patients [18] [19] [20] [21] .
Our results indicate that MHD patients treated with sevelamer monotherapy were more likely to have a lower LDL, CRP, and total cholesterol, as compared to patients treated with calcium-based binder monotherapy. At the same time, there was no difference in other inflammatory markers such as IL-6 and TNF-␣ between those on sevelamer and calcium-based binders.
While this was not a randomized controlled trial, it does present real-world data of ESRD patients and does correlate with results of randomized trials such as the Treat to Goal Study [19] [20] [21] . The data presented here represent a 'real-life' treatment of ESRD patients, different than almost all previous studies of calcium binders, in that we did not control for any other variable. Prior studies of the effect of sevelamer and other binders have controlled for phosphate levels, creating a somewhat artificial environment to study the effect of these therapies, since most practice patterns do not revolve solely around control of one variable in ESRD patients. This study, as a purely observational study, reinforces that these effects still occur, even when the drug is not titrated carefully to control for one or two variables. Do calcium-free binders, such as sevelamer, have a role in treating hyperlipidemia, and should they be used with the goal in mind to lower the 'inflammatory state' of a CKD patient? Studies with statins in this population have been disappointing. The 4-D trial, which evaluated the efficacy of lipid lowering in over 1,200 diabetic MHD patients by randomizing patients to placebo or atorvastatin (20 mg/day), did demonstrate lower LDL in the statin group versus the placebo group, although the study did not show a statistically significant improvement in CV events and mortality in the LDL-lowering arm as compared to the placebo arm [12] . Whether the LDL-lowering of sevelamer translates into improved outcomes in this population will need further evaluation.
The improvement in multiple surrogate markers (lipids, inflammation) makes this approach a promising therapy for treatment of a population of patients with very high CV mortality and high burden of dyslipidemia and inflammation. Of note, the DCOR study [27] demonstrated a nonsignificant 9% reduction in mortality in those patients treated with sevelamer compared to binders; with subgroups treated beyond 2 years, there was a 34% reduction (p = 0.02). There was a significant interaction by age: those over 65 years had a significant 22% reduction in all-cause mortality (RR 0.78, p = 0.03), whereas those under 65 had no significant benefit (p = 0.42). Those on sevelamer therapy longer ( 1 2 years) also had significant mortality benefits, similar to timelines demonstrating mortality benefits with statins over longer treatment timelines (3-5 years) . Another recent study demonstrated a greater risk of death for patients treated with calcium-containing phosphate binders (hazard ratio 3.1, CI 1.23-7.61) [28] . The collection of mortality and morbidity data is currently continued in our NIED study and will help delineate whether or not binders have a role in survival or quality of life in our cohort.
In conclusion, our study showed a salutary lipid-lowering and anti-inflammatory effect of sevelamer as compared to calcium-based binders. Certainly, a combination of lipid effects and mineral effects must be taken into account when choosing a binder for patients presenting with hyperphosphatemia. Combined therapy with both types of binders may prove most prudent to control mineral metabolic effects of ESRD as well as modifiable CV risk factors. Further larger studies will be needed to better delineate the role of binders in treating CV disease in ESRD patients.
